Children with autistic spectrum disorder and controls performed tasks of coherent motion and form detection, and motor control. Additionally, the ratio of the 2nd and 4th digits of these children, which is thought to be an indicator of foetal testosterone, was measured. Children in the experimental group were impaired at tasks of motor control, and had lower 2D:4D than controls. There were no group differences in motion or form detection. However a sub-group of children with autism were selectively impaired at motion detection. There were significant relationships between motion coherence detection and motor control in both groups of children, and also between motion detection, fine motor control and 2D:4D in the group of children with autistic spectrum disorder.
The recent approach of investigating sensory abnormalities in autism has revealed a systematic impairment of motion perception in autism. Abnormal response to visual motion was first reported by Gepner et al., who found that children with autism were less posturally reactive to motion information carried in optic flow than controls (Gepner & Mestre, 2002a, b; Gepner, Mestre, Masson, & De-Schonen, 1995) . This result has been followed by additional data, which suggests that children with autism are impaired at recognizing biological motion (Blake, Turner, Smoski, Pozdol, & Stone, 2003) and in detecting coherent motion from noise (Milne et al., 2002; Spencer et al., 2000) . Some researchers have postulated that abnormalities in specific areas of the visual system, namely the dorsal stream or magnocellular system, may give rise to motion detection impairments (Milne et al., 2002; Spencer et al., 2000) . However this interpretation has been challenged by Bertone, Mottron, Jelenic, and Faubert (2003) who have reported that motion detection abnormality in autism occurs only in the detection of second order and not first order motion (second order motion is apparent from second order characteristics of a stimulus such as contrast and flicker whereas first order motion is defined by spatiotemporal changes in luminance). Bertone et al. suggest that this second, but not first, order motion impairment arises from a reduced ability to integrate complex perceptual information rather than a specific area of deficit.
Investigating motion perception in autism has only recently emerged as an important research area therefore the causes and implications of such an impairment are not yet fully understood. One important observation that should be recognized at the outset, however, is that abnormal motion detection is neither a necessary nor sufficient occurrence in autism. Our previous study of motion detection thresholds in autism (Milne et al., 2002) showed a significant group difference between children with autism and matched controls but also showed extensive variability in the autism data, as some children with autism showed high motion coherence thresholds (indicating poor motion detection), whereas others performed as well as the matched controls. Additionally, it is not the case that abnormal motion detection occurs only in the developmental disorder of autism. Deficits in motion perception have also been reported in dyslexia (Eden et al., 1996; Hansen, Stein, Orde, Winter, & Talcott, 2001; Talcott et al., 1998) and in William's syndrome (Atkinson et al., 1997 (Atkinson et al., , 2003 . It is now apparent that the deficit does not characterize all children with these disorders, but occurs in clusters of individuals within the disorders. For example, Atkinson et al. (2003) report a subgroup of children with Williams syndrome who show poor motion detection, and Ramus re-analysed individual data from seven recent studies investigating visual impairments in dyslexia, and found only 29% of the people with dyslexia in these studies showed elevated visual thresholds (Ramus, 2003) . Nevertheless, the occurrence of such visual impairments appears to be higher in developmentally disordered groups than in controls.
In the study reported here, we address the issue of individual differences within the data by considering other neuro-biological correlates that might contribute to the variability in coherent motion detection. One such correlate is the ratio of fourth to second finger length (2D:4D), which has been suggested by Manning et al. to be an indicator of foetal testosterone (Manning, Scutt, Wilson, & Lewis-Jones, 1998) . A second correlate is performance on motor control and balance tasks, which provide a putative index of cerebellar function.
The suggestion that a low ratio between the 2nd and 4th digits (i.e. longer 4th or ring fingers than 2nd) reflects high levels of foetal testosterone is based on the finding that low 2D:4D is a characteristic of men compared with women (Manning et al., 1998) . It has long been known that the relative length of these digits is close to 1.0 in women but is lower in men (Phelps, 1952) . This has been experimentally recorded in a number of number of recent studies (Brown, Hines, Fane, & Breedloves, 2002; Manning, 2002; Manning, Baron-Cohen, Wheelwright, & Sanders, 2001; Ö kten, Kalyoncu, & Yaris, 2002) , and has also been demonstrated in metacarpal length of male and female baboons (McFadden & Bracht, 2003) . Additionally, 2D:4D correlates with testosterone concentration in adult males (Manning et al., 1998) , and masculinised (lower) 2D:4D is found in females with congenital adrenal hyperplasia, a genetic disorder which leads to high levels of prenatal androgens (Brown et al., 2002) . A possible link between 2D:4D and motion perception has been suggested (Ramus, 2002) based on the understanding that foetal testosterone is known to mediate aspects of cortical development, and has been implicated in the development of sex differences in cognition and the development of cerebral laterality (Geschwind & Galaburda, 1985) . This in turn may be under direct genetic control, possibly in association with genes responsible for the growth of digits and for the differentiation of the genital bud (Hox genes: (Kondo, Zakany, Innis, & Duboule, 1997) . In rodent models, Rosen et al. have reported that the presence of foetal testosterone can mediate changes in connectivity, which occur after damage during brain development (Rosen, Herman, & Galaburda, 1999) . In these models, where cortical lesions (e.g. ectopias) are experimentally induced, excessive testosterone impacts on the development of magnocells in the rodent thalamus (Herman, Galaburda, Fitch, Carter, & Rosen, 1997) . There is neurophysiological evidence, which suggests that some people with dyslexia have magnocellular abnormality. For example, Livingstone et al. reported autopsy data from 5 dyslexic brains in which the magnocellular layers in the lateral geniculate nucleus were disordered, and the magnocells themselves were 20% smaller than in control brains (Livingstone, Rosen, Drislane, & Galaburda, 1991) . These data have been coupled with evidence of poor motion detection in dyslexia leading to the claim that impairment in the magnocellular visual system give rise to coherent motion insensitivity in dyslexia (Stein, Talcott, & Walsh, 2000) . Galaburda suggests that high levels of foetal testosterone, co-occuring with cortical ectopias and microgyri, could give rise to these thalamic abnormalities observed in dyslexic brains (Galaburda, Menard, & Rosen, 1994) . Although there is no direct physiological evidence of magnocellular abnormality in autism, cortical migration malformations similar to those observed in dyslexic brains, have also been identified by MRI in high functioning individuals with autism or Asperger's syndrome (Berthier, Starkstein, & Leiguarda, 1990; Piven et al., 1990) . In addition to this significantly lower 2D:4Ds have been found in children with autism as compared to age and sexmatched controls, (Manning et al., 2001) . It is therefore possible that the relatively lower 2D:4D (Manning et al., 2001) and higher motion coherence thresholds in autism (Milne et al., 2002; Spencer et al., 2000) which may indicate magnocellular abnormality are related. This prediction is tested in this study.
The second prediction is of a relationship between coherent visual motion detection and fine motor control and balance. Although it has been suggested that impairment of motor control is associated primarily with Asperger's syndrome, there is also evidence of motor impairment in children diagnosed with both autism and AS (Ghaziuddin, Butler, Tsai, & Ghaziuddin, 1994; Manjiviona & Prior, 1995) . Cerebellar impairment has been inferred from poor performance on balance and fine motor control tasks (Fawcett, Nicolson, & Dean, 1996) , as the cerebellum is primarily involved in voluntary movement, balance and muscle-tone control (Stein & Glickstein, 1992) . Lesions of the cerebellum can also result in impaired motion detection (Ivry & Diener, 1991; Nawrot & Rizzo, 1995; Thier, Haarmeier, Treue, & Barash, 1999) . Specifically, it has been shown that people with midline cerebellar lesions are impaired at detecting coherent motion from displays similar to those used in studies of motion perception in developmental disorders (Nawrot & Rizzo, 1995) . Given the role of the cerebellum in postural control, it has been suggested that autism is characterised by a visual motion integration impairment, and that this may reflect defective visuo-cerebellar circuitry (Gepner & Mestre, 2002b) . Since several neuroimaging (Courchesne, 1997; Otsuka, Harada, Mori, Hisaoka, & Nishitani, 1999) and postmortem studies (Bauman & Kemper, 1994) have shown cerebellar abnormalities in autism, this may represent an anatomical correlate for abnormalities in balance and motor control. A second aspect of this study is therefore to measure fine and gross motor control in children with autistic spectrum disorder, and to investigate whether a relationship exists between the performance of these tasks and tasks of visual motion coherence sensitivity.
In summary, the purpose of the present study is to compare the performance of a group of children with autistic spectrum disorder with a typically developing control group on tasks of form and motion detection, tasks of fine and gross motor control, and to compare the 2D:4D of each group. In addition, the hypotheses that motor control and/or 2D:4D might be related to motion processing will be tested by correlation analysis.
METHODS

Participants
Forty-six children took part in the study, 23 in the autism group (22 males, 1 female), and 23 typically developing children (10 males and 13 females). The children in the autism group had been diagnosed as having either autism (N=11), autistic spectrum disorder (N=6) or Asperger's syndrome (N=6) by clinicians using criteria specified in the DSM-IV prior to the start of the study and were attending schools or units for children with autism. The 6 children with autistic spectrum disorder had been described as having autistic-like social and emotional deficits, which were secondary to language impairment, or as having pervasive developmental disorder not otherwise specified (PDDNOS). Raven's (standard) progressive matrices were administered to assess non-verbal IQ (Raven, Court, & Raven, 1988) . Although this test does not generate standardised IQ scores, non-verbal IQ based on the participant's age was calculated by interpolating and extrapolating standard scores from the percentile scores given. Participant demographics are shown in Table I , which confirms no significant differences between the groups with respect to these variables.
Procedure
Visual Tasks
We followed the procedure outlined by Hansen et al to determine psychophysical thresholds for coherent motion and form detection (Hansen et al., 2001) .
Motion Coherence: A standard random dot kinematogram (RDK) stimulus was used, consisting of two horizontally adjacent panels of moving dots. Each contained 300 white dots of high Michelson contrast ($90%) superimposed on the black background of the computer screen. The dots were 1 screen pixel in size, approximately 0.1Â0.1°, and each panel was rectangular, subtending 10Â14°and separated horizontally by 5°. One panel contained a variable proportion of target dots that moved coherently (at 7°/sec) to either left or right over successive screen refreshes, whilst the remaining noise dots in the panel moved with the same speed but in a direction that randomly changed between refreshes (Brownian motion). The other panel contained only noise dots. To prevent tracking of individual dots, the lifetime for each dot was fixed at three animation frames (85 ms) after which time the dot was regenerated at a random position inside the same panel.
Form Coherence: The form coherence threshold task, which served as a control for general visual processing performance, was designed to be as similar as possible in application to the motion task. As before, two rectangular panels were presented side by side, matched in size and overall luminance to the motion task. Each panel consisted of 600 short, high contrast line elements, with each element being 0.4°in length. In one panel there was a coherent form signal, defined by line elements that were oriented tangentially to imaginary concentric circles within an area of 8°d iameter. Signal coherence was varied by modifying the percentage of aligned elements. At 100% coherence therefore, all line elements within the 8°boundary were perfectly aligned and the circle was easy to perceive. Elements outside the 8°area were orientated randomly. In the other panel, all elements were randomly orientated. Both the motion and the form task contained a number of catch trials. These were trials in which the form or motion was presented at 75% coherence, which is considered to be easily perceivable. Figure 1 shows a schematic illustration of stimuli from the motion and form tasks. In both images, the panel on the left shows the coherent form or motion.
Motor Control Tasks
Four behavioural tests were administered, two measures of fine motor control (bead threading, and finger-thumb manipulation), and two measures of balance (heel to toe walking, and balance on one leg). Bead Threading: Fifteen large beads were strung onto a string as quickly as possible, while the child held the string in their dominant hand (Fawcett et al., 1996) .
Finger and Thumb Rotation: The thumb and index finger of opposite hands were aligned thumb to finger. The lower thumb-finger pair was released and the hands rotated in opposite directions in order to join again at the top. The child practiced this sequence of movements until they could perform it fluently five times and then repeated it 10 times as quickly as possible whilst being timed (Dow & Moruzzi, 1958; Fawcett et al., 1996) . Both tasks were performed twice and completion times were measured with a stopwatch. The quickest time to complete each task was recorded.
Heel-to-toe Walking: A straight, black line was positioned on the floor and the child walked along it, as if on a tightrope. They were instructed to place one foot directly in front of the other, with the toe of the back foot touching the heel of the foot in front. They walked along the line for up to a maximum of 15 steps. Any deviation from the line, or failure to connect toe to heel terminated the trial. Two attempts were given, and the maximum number of steps achieved in either trial was recorded (Henderson & Sugden, 1992) .
One Leg Balance: Each child was asked to stand on one leg, with the other foot resting on the knee of the foot that was on the ground, and with their hands on their hips, for a maximum of 20 sec. Removal of the foot from the knee or the hands from the hips, or moving the supporting foot, terminated the trial. The task was performed twice for each leg, and the average of the best times for each leg was recorded (Henderson & Sugden, 1992) .
Digit Ratio
The 2nd and 4th fingers on each child's dominant hand were measured with Vernier callipers, to 0.5 mm. Following Manning et al. (2001) , the measurement was taken from the proximal crease at the base of the finger on the palm to the fingertip of each child's hand. Digit ratio was calculated by dividing the length of the second finger by the length of the fourth finger. For one child with autism, digit length data was not obtained due to absence from school.
RESULTS
Preliminary analysis was performed to investigate if differences occurred between performance of the children diagnosed with autism (N=11), autistic spectrum disorder (N=6), or Asperger's syndrome (N=6). Using one-way ANOVAs no significant differences were found in any of the variables (all p>.1). In the following analyses (unless otherwise stated) all the children in the experimental group were combined and are subsequently referred to as children with autism spectrum disorder (ASD). Table I shows the mean score and standard deviation for all the variables, with t-values and p-values for comparison between the control and experimental group (parametric analysis used independent samples t-tests, non-parametric analyses are indicated by , and the Mann-Whitney U-test statistic is reported). The table shows that the groups differed significantly in digit ratio, and performance on all motor tasks.
Since 2D:4D is lower in males than in females, sex could be a confounding factor in this analysis as there were more males in the experimental group than in the control group. However, we failed to find a significant sex difference in digit ratio in the control group (10 males, mean 2D:4D=0.986, 13 females, mean 2D:4D=0.997, t(21)<1, p>.1). Additionally, when comparing the children in the experimental group (including the one female) with only the male control children, the difference between the digit ratios of the two groups remained significant, t(30)=2.87, p<.01. Figure 2 presents scatterplots to illustrate the distribution of scores in the groups. For visual comparison across variables, all raw data have been converted into z-scores based on the mean and standard deviation of the whole sample. Single variables of fine and gross motor control were created by summing the bead-threading and finger-thumb zscore and the balance and heel-to-toe z-score respectively. Scores for the gross motor control variable, in which a high score indicates good performance, were subtracted from 0, so in all cases a high z-score represents poor performance whereas a low z-score represents good performance. Although there was not a significant difference between the experimental and control groups in terms of motion detection, Fig. 2 shows that while the distribution of scores for the form coherence task was similar in both groups, there was a group of outliers in the sample with autism with very high (poor) motion coherence thresholds. To explore the data in terms of how many children in each group showed impairment on the motion task, deviance analysis was performed. Raw data points were converted to z-scores, this time based on the mean and standard deviation from the control population only. Following the procedure proposed by Ramus et al. (2003) deviant scores were defined as those which were more than 1.65 standard deviations lower than the control mean. This represents the lowest 5% of the distribution generated by the typically developing children. Using this procedure, five children (22%) in the experimental group were identified as outliers, showing particular deficit in coherent motion detection. Two of these children had diagnoses of Asperger's syndrome, one had a diagnosis of pure autism and the other two were defined as having atypical autism based on receptive language impairment and socio-emotional difficulties. The age of these participants ranged from 8 years 4 months to 11 years 10 months and the non-verbal IQ's ranged from 91 to 108. These children are labeled on the scatterplot in Fig. 2 so that their corresponding form detection scores can be identified.
Investigation of Relationships Between Variables
Bivariate correlations were performed to examine the relationships between variables. Data points for all the variables were converted to z-scores, based on the mean and standard deviation of the whole sample. Not all the variables were normally distributed, so Kendall's tau statistic was used to compute the correlation between variables. Twenty out of the 23 typically developing children were at ceiling on the gross motor control variable, so correlational analysis with this variable was not considered appropriate. Table II shows the two-tailed correlation matrices between the variables, which were calculated for each group separately.
To account for any effect that non-verbal IQ might exert upon the measures, we also calculated partial correlations, controlling for non-verbal IQ. Because some of the variables were abnormally distributed, we manually ranked the data in order to perform parametric partial correlations. This was done in the following way;
1. all raw data points were converted into percentiles, which creates ordinal data, and maintains the rank order of points (Lyman, 1978) , 2. these percentile points were then converted into z-scores based on the mean and standard deviation of the whole population to recreate interval data, which was normally distributed and met the assumptions required for parametric analysis.
Bivariate correlations, controlling for the effect of non-verbal IQ, were performed on each group separately. This analysis generated the same results as the non-parametric analysis for the typically developing children. However the effect of partialling out nonverbal IQ revealed a significant relationship between 2D:4D and fine motor control in the children with autism, which was not apparent the non-parametric analysis when the effect of non-verbal IQ was uncontrolled. The correlation matrix of the relationship between variables after the effect of non-verbal IQ has been removed is presented in Table III . Note that a high score on both the motion and form detection tasks and on the motor tasks indicates poor performance and a low score indicates good performance. Figure 3 shows scatter plots of the related variables. The data presented in these scatter plots has been ranked, as indicated above, in order to show the relationships between the variables regardless of the distance between points, and to standardise data across variables.
Although not the main aim of the current study, in light of existing data (Manjiviona & Prior, 1995) , an additional question of interest concerns whether the children with different clinical diagnoses differed in respect to their performance on the motor tasks. As noted above, no significant differences were seen in any of the variables between the groups of children with autism, AS or ASD. To give an indication of the number of children who obtained poorer scores on these tasks than the lowest 5% of the control distribution, deviance analysis was calculated as above for the combined variables of fine motor control and gross motor control. Using this analysis 13 out of the 23 children in the experimental group (57%) showed impairment in fine motor control and 12 (52%) showed impairment in gross motor control. This reflected impairment of fine motor control in 64% of the children with autism, 67% of the children with AS and 33% of the children with ASD, and impairment of gross motor control/balance in 45% of the children with autism, 67% of the children with AS and 50% of the children with ASD. Although this data is based on small group sizes, it never the less reflects previous data, which showed that problems of motor control occur across all groups of children on the autism spectrum.
DISCUSSION
In this study, a group of children diagnosed on the autism spectrum and a control group of typically developing children, matched for non-verbal IQ and chronological age were tested on tasks which measured coherent motion detection, coherent form detection, fine motor control and balance. The ratio between the 2nd and 4th digits was also measured. The results of the study replicated previous data (Ghaziuddin et al., 1994; Manjiviona & Prior, 1995; Manning et al., 2001) as the children with ASD had significantly lower digit ratios than the control group, in addition to showing impairment of both fine and gross motor control. Contrary to previously published data (Milne et al., 2002; Spencer et al., 2000) , there was not a significant difference in the motion coherence thresholds of the experimental and control groups, although in line with observations made in the introduction, there was a sub-group of individuals in the experimental group who had a specific impairment in detecting coherent motion with no corresponding difficulty in detecting coherent form. In addition to these group differences, significant relationships were found between visual motion processing and fine motor control in both the children with autism and the typically developing children. The children with autism also showed a relationship between visual form processing and balance, and between motion processing, fine motor control and 2D:4D. The significance of each of these findings will be discussed in turn. The finding that the children with autism in this sample had significantly lower 2D:4D ratios than the typically developing children replicates a previous finding from Manning et al. (2001) who reported significantly lower 2D:4D in children with autism as compared to non-autistic control participants. This report is therefore the second published study to find such a difference in ASD. As discussed in the introduction, 2D:4D ratio is known to be sexually dimorphic, with males having on average higher 2D:4D ratios than females (Manning et al., 1998; Ö kten et al., 2002) . Although a significant sex difference of 2D:4D was not seen in the typically developing children in the sample presented here, this is thought to be due to the small sample size (10 males and 13 females). This finding supports the suggestion that levels of foetal testosterone are higher in autism than in controls. However, it must be noted that this suggestion remains speculative at this stage as no direct evidence of the relationship between 2D:4D ratio and foetal testosterone has been reported, and other data suggest that there is no difference between the plasma levels of testosterone in male autistic subjects as compared to controls (Tordjman et al., 1995) .
This study provides further evidence that fine and gross motor control are reduced in ASD. Significant differences were found between the experimental and control groups for all four motor variables. These results mirror those of Manjiviona and Prior (1995) who tested a group of 12 children with Asperger's syndrome and 9 children with autism on the TOMI-H, a standardised test of motor impairment. Although it has previously been suggested that motor impairment is a clinical characteristic of AS rather than autism (Wing, 1981) , Manjiviona and Prior found that 50% of the children diagnosed with AS and 66.7% of the children diagnosed with autism obtained scores which occurred in the lowest 5% of the normalised sample, indicating definite motor problems in these children. In this study we have found evidence of both fine and gross motor impairment in children diagnosed with autism, with Asperger's syndrome and with ASD. The data presented here also reflect the findings of Manjiviona and Prior in the sense that the children who were motor impaired generally showed impairment across both fine and gross motor skills. This is shown by the significant correlation between the measures of fine and gross motor skills in the experimental group. These data could reflect behavioural support for the theory of cerebellar impairment in autism.
Contrary to previous results (Milne et al., 2002; Spencer et al., 2000) , motion coherence thresholds failed to distinguish the two groups statistically. In our previous study, we pointed out that not all children with autism showed elevated motion coherence thresholds, but rather that the difference in central tendency between the clinical and the control groups reflected a skewed distribution in the group with autism, with some of the children with autism (significantly more than in the control group) showing high thresholds. In the present study with a new sample of children, once again high motion coherence thresholds characterised a subset of children with autism. In this sample, the proportion of children with autism who displayed the deficit (22% of the children were outliers as compared to the average control performance) was not enough to produce a significant mean difference between the groups. The notion of sub-groups of children showing motion detection impairment is consistent both with our previous observation of autism and also literature from other developmental disorders which outline sub-groups of impaired motion detectors with Williams syndrome and with dyslexia (Atkinson et al., 2003; Ramus, 2003) . Obtaining a statistically significant difference between groups is therefore likely to be subject to sampling differences between studies, especially when working with relatively small samples of less than 30 cases per group.
Physiologically it has been shown that cells in area V5 are highly responsive to random dot kinematograms containing coherent motion and noise, and that monkeys with V5 lesion fail to extract the motion signal from noise (Britten, Shalden, Newsome, & Movshon, 1992; Newsome & Pare, 1988) . Consequently impairment of the dorsal stream or the magnocellular system has been implicated following reports of high motion coherence thresholds (Atkinson et al., 1997; Hansen et al., 2001; Milne et al., 2002; Spencer et al., 2000; Stein & Walsh, 1997) . However, others have challenged the inference of a purely magnocellular impairment from high motion coherence thresholds (Bertone et al., 2003; Skottun, 2000) , and, as was noted in the Introduction, there is no direct physiological evidence of magnocellular abnormality in autism. Recent research has highlighted the influence of attention in early vision such as stereoscopic depth (Rose, Bradshwaw, & Hibbard, 2003) and motion perception (Chaudhuri, 1990) . Therefore deficits of attention, which are known to occur in autism (Courchesne et al., 1994; Townsend, Courchesne, & Egaas, 1996) could contribute to increased motion coherence thresholds, however the fact that the children with high motion coherence thresholds did not also have significantly higher form coherence thresholds suggests that whatever the area of deficit it is specific to the motion system. Although this paper does not advance our knowledge of the direct cause of motion impairment in autism, it provides further evidence of a sub-group of children with autism who are impaired at detecting coherent motion in the absence of a concurrent deficit in detecting coherent form, and illustrates that this impairment is related both to fine motor control and to 2D:4D. That is, it appears that impairments of visual motion detection are likely to co-occur with other impairments such as motor control in autism. A parallel can be drawn with data from developmental dyslexia, where abnormalities in both motion detection and motor control have been identified (Fawcett et al., 1996; Talcott et al., 1998) . The existence of a relationship between motion coherence detection and 2D:4D suggests foetal testosterone may be implicated in motion detection impairments in autism. However it must be noted that the size of the groups used in correlation analysis (23) was small and therefore the confidence limits of these analyses are large.
The data also illustrate that a relationship exists between coherent motion detection and fine motor control and between coherent form detection and gross motor control. The relationship between form detection and gross motor control (balance) was not predicted. However the finding may be related to data, which illustrates a deficit in coherent form detection in children diagnosed with dyspraxia (O'Brien, Spencer, Atkinson, Braddick, & Wattam-Bell, 2002) . A suggestion as to why coherent motion detection was related only to fine and not gross motor control is that good performance on these motor tasks relies on speed. Both the bead-threading and finger-thumb task measure how quickly the child can perform these tasks. The fact that poor (slow) performance on these tasks was related to poor motion detection performance suggests a common link between the system which underlies motion detection function and rapid motor generation. Since this relationship occurs in both the clinical and control group, it is likely to reflect a general developmental factor. Further research is required to determine what the common factor or factors underlying this relationship may be.
The finding that a significant relationship also exists between performance on the motor tasks and 2D:4D in the children with autism, suggests that the development of these sub-systems may be related to levels of foetal testosterone, and specifically, that anomalous development may arise from high levels of foetal testosterone. Future studies involving more children, with more sensitive measures of dorsal stream and cerebellar performance are needed to expand on the suggestions put forward here.
Genetic influences on autism do not implicate a single gene or locus of gene action, and a host of very different neurological correlates of autism have been indicated (Cody, Pelphrey, & Piven, 2002) . It seems probable that several different biological and neurological factors may contribute to the autistic syndrome; that is, it may have a heterogeneous etiology. Additionally, sensori-motor deficits have been reported in dyslexia (Fawcett et al., 1996; Livingstone et al., 1991; Lovegrove, Bowling, Badcock, & Blackwood, 1980; Tallal, 1980) , and motion detection impairments have been reported in Williams syndrome (Atkinson et al., 1997) . Ramus (2002) has proposed that sensori-motor impairments are not a core feature of dyslexia, but rather secondary features arising only in cases with excessive foetal testosterone. The current data is consistent with a similar hypothesis for autism: impairment of motor control and motion detection are not inevitable in autism, but occur more frequently in the disorder than in typically developing children. If the tasks used here are to be taken as indices of magnocellular and cerebellar integrity respectively, then neither magnocellular nor cerebellar dysfunction seems to be necessary for autism to occur, but they both seem to cluster in the disorder. These will occur more frequently in children diagnosed with a developmental disorder than in typically developing children. Exploring potential sources of variation in measures of performance in people with autism, and other developmental disorders, is a useful approach to identifying contributory biological factors to these disorders, and will hopefully lead to further understanding of the neurological correlates, which underpin both the similarities and differences between developmental disorders.
